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ABSTRACT 
The accomplishments during t h e  las t  year  i nc lude  a non l inea r  s t a b i l i t y  
a n a l y s i s  of t he  Apollo a f t  h e a t  s h i e l d  and a stress a n a l y s i s  of t he  Subsystems 
T e s t  Bed. Three papers  have been presented  a t  n a t i o n a l  and r eg iona l  con- 
fe rences  and t h r e e  papers  have been publ i shed  i n  t h e  AIAA Journa l .  
INTRODUCTION 
Research Grant NGL 44-001-044 w a s  i n i t i a t e d  i n  January 1967 as a r e s u l t  
of s t r u c t u r a l  problems on t h e  Apollo a f t  h e a t  s h i e l d  and has  subsequent ly  
been used f o r  t h e  a n a l y s i s  of va r ious  s t r u c t u r a l  problems t h a t  have a r i s e n  
of t h e  panned Spacec ra f t  Center.  For example, r ecen t  accomplishments 
under t h i s  g r a n t  i nc lude  the  p r e s e n t a t i o n  of a s h o r t  course a t  MSC on t h e  
f i n i t e !  element method of  s t r u c t u r a l  a n a l y s i s  and t h e  stress a n a l y s i s  of t he  
Subsysltems T e s t  Bed. Exce l l en t  c o r r e l a t i o n  has  been obta ined  between theore-  
t i c a l  and experimental  r e s u l t s .  Addi t iona l  background informat ion  has  been 
presented  i n  prev ious  p rogres s  r e p o r t s .  
I 
I 
i 
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The Siibsystems T e s t  Bed can b e s t  b e  descr ibed  as a can w i t h  16 r a d i a l  
and numerous c i r c u m f e r e n t i a l  s t i f f e n e r s .  There are c u r r e n t l y  many des ign  
conf igu ra t ions  under cons ide ra t ion  f o r  t he  STB. For example, one configura-  
t i o n  c o n s i s t s  of connect ing as many as s i x t e e n  of t h e  u n i t s  i n t o  a series. 
The STB i s  c u r r e n t l y  be ing  t e s t e d  exper imenta l ly  a t  t h e  Manned 
Spacec ra f t  Center and has  been analyzed by Texas A&M Univers i ty .  The 
r e s u l t s  t o  d a t e  show e x c e l l e n t  agreement between theory  and experiment.  
Two copies  of t h e  a n a l y s i s  are enc losed  and t h r e e  o t h e r  copies  have been 
s e n t  t o  D r .  S tebbins  of MSC f o r  i n t e r n a l  use.  
AC COMPL I SHMEN TS 
Analysis  
Reference 1 p r e s e n t s  t h e  r e s u l t s  of a s t a b i l i t y  a n a l y s i s  of t h e  Apollo 
a f t  h e a t  s h i e l d .  The d e t a i l s  o f  t h e  method of a n a l y s i s  w e r e  given i n  a 
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paper (Ref. 2) p resented  a t  t h e  2nd A i r  Force Conference on Matrix Methods - 
i n  S t r u c t u r a l  Analysis .  Copies of Refs. 1 and 2 have been s e n t  t o  NASA 
Headquarters.  
Reference 3 p r e s e n t s  t h e  stresses and d e f l e c t i o n s  of  t h e  Apollo 
a f t  h e a t  s h i e l d  under a l a r g e  variety of s t a t i c  loadings  and t h e  pre l iminary  
r e s u l t s  f o r  t h e  Subsystems T e s t  Bed. A comparison of experimental  and 
t h e o r e t i c a l  i n f l u e n c e  c o e f f i c i e n t s  f o r  t h e  fou r  ver t ical  p o s t s  i s  given 
on page 152 of R e f .  3. Two copies  of t h i s  r e fe rence  are enclosed.  
The stress and s t a b i l i t y  ana lyses  of t he  a f t  h e a t  s h i e l d  w e r e  
conducted under t h e  assumption t h a t  t r a n s v e r s e  s h e a r  deformations are 
no t  important .  A s tudy  of t h e  i n f l u e n c e  of t r a n s v e r s e  shea r  deformations 
i n  t h e  honeycomb co re  w a s  conducted and t h e  r e s u l t s  are presented  i n  Ref. 4 .  
The r e s u l t s  confirm t h e  assumption t h a t  t r a n s v e r s e  s h e a r  deformations are 
n o t  s i g n i f i c a n t .  Copies of t h i s  paper w i l l  be  forwarded i n  t h e  f u t u r e .  
The method and r e s u l t s  f o r  t h e  non l inea r  a n a l y s i s  of s h e l l s  of revo- 
l u t i o n  are p r e s e n t  i n  Ref. 5. Numerous r eques t s  f o r  t h e  computer code 
have been rece ived  from f i rms  i n  t h e  United S t a t e s  and a l s o  from England 
and I n d i a .  Repr in ts  of t h i s  paper w i l l  b e  forwarded as soon as they  are 
a v a i l a b l e .  
DeveloDmen t a1 
A l a r g e  e f f o r t  has  been devoted t o  t h e  development of a real is t ic  
t r i a n g u l a r  element f o r  t h e  a n a l y s i s  of p l a t e s  and s h e l l s .  Considerable  
progress  has  been made and t h e  r e s u l t s  have been publ i shed  i n  Refs. 6 ,  7,  
and 8. Copies of References 6 and 8 are enclosed.  The most s i g n i f i c a n t  
res 'ul t  o f  t h i s  r e s e a r c h  e f f o r t  i s  t h e  development of a n ine  degree  of freedom 
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t r i a n g u l a r  element which shows good convergence c h a r a c t e r i s t i c s .  It is  
be l i eved  t h a t  t h e  element w i l l  be  quick ly  accepted by t h e  aerospace in -  
dus t r y .  
The computer code f o r  t h e  non l inea r  dynamic a n a l y s i s  i s  o p e r a t i o n a l  and 
i n i t i a l  r e s u l t s  have been submit ted f o r  p u b l i c a t i o n  i n  t h e  AIAA Journal .  
I 
These r s u l t s  p e r t a i n  t o  t h e  dynamic buckl ing  of sha l low s h e l l s  w d e r  
s t e p  p r  i *  s s u r e  loading .  This  problem has  been s t u d i e d  by o t h e r  r e sea rche r s  
b u t  un il now t h e  va r ious  r e s u l t s  d i d  n o t  agree.  This  paper  i s  l i s t e d  as 
Ref. 9 and copies  are enclosed.  
i 4 
I n  summary, t h r e e  papers  have been presented  a t  n a t i o n a l  o r  r e g i q n a l  
meetings and t h r e e  papers  have been publ ished i n  t h e  AIAA Journa l .  
P ROP OSED RES E ARCH 
The r e s e a r c h  proposed f o r  t h e  coming y e a r  has  been presented  i n  t h e  
r eques t  f o r  renewal. To review, the  coming yea r  s h a l l  b e  devoted t o  the  
non l inea r  dynamic a n a l y s i s ,  non l inea r  thermal  a n a l y s i s ,  and t h e  development 
of  a curved t r i a n g u l a r  element.  
After d i scuss ion  w i t h  D r .  S tebbins  of MSC i t  w a s  decided t h a t  t h e  a p p l i c a t i o n s  
s h a l l  b e  devoted t o  determining design curves f o r  s t r u c t u r e s  f o r  f u t u r e  space- 
c r a f t .  I n  a d d i t i o n ,  a t t e n t i o n  w i l l  be  devoted t o  t h e  development of new 
mathematical  t oo l s .  
I n  summary t h e  l a s t  y e a r  has  been q u i t e  product ive  and several cha l lenging  
problems have been o u t l i n e d  f o r  t h e  coming year .  
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Space, energy, matter and man, 
symbolize the broad areas into which 
the diverse TEES divisions conduct 
research and development 
T o  disseminate knowledge is to dis- 
seminate prosperity - I mean general 
prosperity and not individual riches - 
and with prosperity disappears the 
greater part of the evil which is o w  
heritage from darker times. 
-Alfred Nobel 
